Neuraminidase activity has been found in a variety of strains of Corynebacterium diphtheriae, both toxinogenic and nontoxinogenic. The enzyme has been shown to be intracellular, possibly associated with the cytoplasmic membrane. Toxinogenic strains of the diphtheria bacillus, grown under conditions unsuitable for maximal toxin production, produce neuraminidase, and the enzyme has been purified from cells of the Park Williams no. 8 strain grown under such conditions. Diphtherial toxin and diphtherial neuraminidase have similar molecular weights and remain associated during column chromatography; immunochemically, and in their electrophoretic behavior, they appear distinct.
The finding of neuraminidase activity in crude diphtherial toxin preparations has been reported by Blumberg and Warren (7) and Heide and Haupt (14) , and the enzyme has been characterized by Warren and Spearing (37) and Jamieson (16) . Warren and Spearing (37) found neuraminidase activity in all of seven crude diphtherial toxin preparations and in five times crystallized toxin. Sephadex filtration of crude toxin gave incomplete separation of toxin and enzyme activity; some toxic fractions were without detectable enzyme activity, but all fractions with enzyme activity contained toxin. The difficulty of separating the two activities, as well as the persistence of neuraminidase activity in crystalline toxin, raised the question of whether the association between them might be more than fortuitous.
We have compared various strains of Corynebacterium diphtheriae with respect to the properties of toxinogenicity and neuraminidase production, the conditions for optimal production of toxin and enzyme, and the distribution of toxin and enzyme activity between the cell and the medium in culture. In each of these respects, toxinogenicity and neuraminidase production behave as independent attributes of the diphtherial cell.
A simple method is presented for the purification of diphtherial neuraminidase in the absence of any substantial amount of contaminating toxin, taking advantage of the observation that neuraminidase is produced by the diphtherial cell under conditions in which synthesis of diphtherial 1 Present address: Department of Microbiology, School of Dentistry, Hiroshima University, Hiro- shima, Japan. toxin is strongly inhibited. The purified enzyme has been compared with purified toxin.
MATERIALS AMN METHODS
Strains of the diphtheria bacillus. The strains of C. diphtheriae employed, with their designations and derivations, have been described elsewhere (5) . Unless otherwise specified, all experiments were carried out with the strain PW8r (Pdi)tox+, here referred to as Pdi.
Media and conditions ofculture. Cells were grown in the casein hydrolysate medium of Mueller and Miller modified as described by Barksdale and Pappenheimer (6) or Yoneda (40) . The term "low iron cells" refers to cells grown in deferrated medium or in medium to which FeSO4*7H20 has been added to give a concentration of the iron salt not exceeding 0.2 ,ug/ml; "high iron cells" are cells grown in deferrated medium in which the iron salt is present in a concentration of 5 ,ug/ml or more.
In all instances, culture of cells was carried out in Erlenmeyer flasks at a temperature of 33 C with shaking (250 rev/min) and a large surface-to-volume ratio of medium (volume of medium not exceeding onetenth the capacity of the flask).
Concentration of culture supernatant fluid. Cultures were centrifuged at 9,000 X g for 20 min. To a 50-ml sample of the supernatant fluid was added 1.0 ml of a 50% (w/v) ZnCl2 solution; pH was adjusted to 6.0 with 1 N KOH and the mixture was allowed to stand at 4 C overnight. After centrifugation, 10 ml of 20% Na2 HP04 was added to the precipitate, and the mixture was stirred constantly for 30 min at room temperature. Centrifugation at 0 C at 6,000 X g yielded about 7 ml of clear (reddish to brown or dark yellow) supernatant fluid. This was dialyzed against 0.01 M phosphate buffer (pH 6.5) overnight. The The disrupted cells were centrifuged twice at 10,000 X g for 20 min to remove whole cells and debris. The supernatant fraction was centrifuged at 100,000 X g for 180 min. Sedimented material was washed with the limit buffer and is referred to as the "pellet fraction"; the supernatant fluid is referred to as the "soluble intracellular fraction." Differential centrifugation was carried out at an ambient temperature of 4 C.
Protein determination. The protein content of cellfree extracts or concentrated culture supematant fluids was measured in samples treated with cold 5% perchloric acid (PCA), hot 5% PCA, and finally a mixture of ethyl alcohol, ethyl ether, and chloroform as described by Siekevitz (33 The assay system consisted of substrate solution (0.5 ml of the stock urinary mucoprotein solution or 0.2 ml of the stock NANA lactose solution), 0.10 ml of 0.5 M phosphate buffer (pH 6.5), and 0.1 ml of the material to be tested for activity. The final volume was adjusted to 1.0 ml with distilled water. Control tubes contained distilled water in place of substrate or test material. Mixtures were incubated at 35 C with shaking (100 cycles/min). Reaction was terminated by addition of 1 ml of 5% phosphotungstic acid in 2 N HCI, and the mixture was allowed to stand at room temperature for 20 min or more. After centrifugation or paper ifitration, the clear supernatant fluid or filtrate was assayed for free NANA by the thiobarbituric acid method of Warren (36) .
With crude cell-free extracts, the measurement of neuraminidase activity was complicated by the fact that, when the increase in NANA in the reaction mixture was plotted against time, the result was not linear (Fig. 1 C8%0tox-, were incubated with shaking. Cultures were centrifuged at 9,000 X g, and the supernatant fluid was tested for neuraminidase activity. In preliminary experiments, it was found that activity was often too low for satisfactory measurement, and zinc concentration of the supernatant fluid (see Methods) was routinely adopted before enzyme activity was measured. The results appear in Table 1 .
So far as can be determined from the several C. diphtheriae strains tested, the property of producing neuraminidase is common, but is not correlated either with the presence of the tox+ gene, whether or not it is expressed, or with its absence.
Effect of iron in the medium on neuraminidase production; extracellular and intracellular enzyme levels. In those strains of C. diphtheriae possessing the tox+ character, production of diphtheria toxin is profoundly affected by the availability to cells of iron in the medium, as established by Pappenheimer (24) . A comparison of the effect of iron upon toxin and neuraminidase production was carried out and, in addition, cells grown in both deferrated medium and medium containing excess iron were disrupted to measure intracellular neuraminidase. That a substantial amount of the enzyme might be found within the cell was suggested by a consideration of the facts that in young cultures extracellular neuraminidase activity was minimal, while considerable activity has been found regularly in crude diphtherial toxin preparations. Given the conditions under which toxin is generally prepared, much of the enzyme found in these preparations might be accounted for by release of intracellular neuraminidase from disintegrated cells.
Iron-poor and iron-rich cells were prepared in the following way. A culture of Pdi, grown in lowiron medium and stored in the frozen state, was used as inoculum in deferrated medium to which 4% maltose was added, and the culture was incubated with shaking at 33 C to an optical density (OD) of 4.7. From this culture of iron-depleted cells, two sets of cultures were initiated, one in deferrated medium plus 4% maltose, the other in the same medium with FeSO4 . 7H20 (5 Ag/ml) in addition to maltose. These were grown for 25 hr under the same conditions of incubation; the OD of each was 4.5. From each set, 145 ml of culture was centrifuged and the packed cells were suspended in 110 ml of the same medium in which they had grown. These low-and high-iron cultures were placed in 1,000-ml Erlenmeyer flasks and incubated with shaking at 33 C. In Fig. 3 , the OD .25 hr, 10-ml samples were removed for the measurement of neuraminidase activity, both intracellular and extracellular. For the former, cells were washed in saline, suspended to a total volume of 10 ml in 0.01 M phosphate buffer (pH 6.5), and subjected three times to 1,100 lb/ cm2 in a French pressure cell. The suspension of completely disrupted cells after dialysis against the same buffer was tested for enzyme activity.
Tests for extracellular neuraminidase activity were carried out on unconcentrated culture supernatant fluid after dialysis against the phosphate buffer. The results of these tests are shown in Table 2 .
It can be seen that at levels of iron which inhibit toxin production, at least below the level of detectability in the flocculation test, production of neuraminidase is enhanced. On the other hand, in iron-depleted cells in which toxin production is optimal, neuraminidase levels are lower. In either case, much the larger part of the neuraminidase is within the cells; extracellular enzyme activity becomes measurable only after the culture has entered the late log phase of growth and represents only a small fraction of the total enzyme activity.
Site of neuraminidase within the cell. Since it is clear that the bulk of diphtherial neuraminidase remains within the cell and is released only on disruption of the cell, it was of interest to know what proportion of enzyme is released as soluble enzyme into the medium in which cells are disrupted and, furthermore, whether the enzyme migrates in an identifiable component of the particulate fraction on sucrose density gradient centrifugation.
An 8-g amount of packed "high iron" Pdi cells was harvested from a culture at the beginning of the stationary phase, suspended, and disrupted by sonic treatment as described in Materials and Methods. After high-speed centrifugation, the "pellet" and "soluble intracellular" fractions were dialyzed against 0.01 M phosphate buffer (pH 6.5) before samples were tested for enzyme activity. It was found that the total activity in the pellet fraction was 1,880 units, whereas the soluble fraction had a total activity of 788 units. Other experiments confirmed that approximately twothirds of the total intracellular enzyme activity is associated with particulate material in cell-free extracts of disrupted cells.
The "pellet fraction" was subjected to sucrose density centrifugation under the following conditions. Samples (0.3 ml) of a suspension of the "pellet fraction" in 0.01 M Tris buffer (pH 7.5) containing 0.01 M MgCl2 and 0.06 M KCl were layered on 3.6-ml linear sucrose gradients (10 to 30%, w/v) containing the limit buffer. The sucrose gradients had been layered on 0.25 ml of 50% sucrose and 0.45 ml of 70% sucrose, both in limit buffer. The tube was centrifuged at 23,000 rev/min for 120 min in an SW rotor (Hitachi) at 4 C. Fractions of 15 drops were collected, and to each fraction was added 2.0 ml of 0.01 M phosphate buffer (pH 6.5). The fractions were dialyzed against 0.01 M phosphate buffer (pH 6.5) to remove sucrose and magnesium ion, both of which inhibited neuraminidase activity. All fractions were examined for neuraminidase activity and, as a reference, for succinic dehydrogenase activity, since this enzyme is known to be associated with the membrane fraction (20, 22, 38) . Absorbancy at 280 and 260 m,u was also determined with 0.5 ml of each sample to which 3.5 ml of distilled water was added. The results are plotted in Fig. 4 .
In the principal fractions, the ratios of absorbancy at 280 and 260 mp were as follows: 0.83, 0.82, and 0.78 in fractions 2, 3, and 4, and 0.51, 0.53, 0.54, and 0.58 in fractions 12, 13, 14, 15, and 16. Neuraminidase activity is found in the same peak as succinic dehydrogenase activity, suggesting that it may be membrane-associated. There is no neuraminidase activity in the second peak, which presumably represents the ribosomal fraction. Neuraminidase levels under "physiological" cultural conditions. The figures for intracellular and extracellular neuraminidase levels which appear in Table 2 were determined under conditions devised for diphtherial toxin production, in which the culture is initiated with a very heavy inoculum. It is doubtful that in cultures of this sort the bacteria are growing under conditions that could be called physiological. It is of some interest, however, that, given these conditions, the ratio of the total neuraminidase activity of the culture to its OD remains constant, i.e., the amount of enzyme per bacterial cell appears to be maintained at a steady level (Table 3) . A similar finding with respect to the fumarase activity of C. diphtheriae under' comparable conditions has been reported by Pappenheimer et al. (26) .
We have measured neuraminidase activity and compared it with succinic dehydrogenase activity in cultures in both low-and high-iron medium initiated with small inocula, in which conditions for growth seem more normal. The results of these measurements are found in Fig. 5a and 5b where specific activity of both enzymes at various times during culture in low-and high-iron medium is plotted, along with growth curves of the Park Williams no. 8 strain of C. diphtheriae in both media. The levels and the decline of specific activity of succinic dehydrogenase under these conditions undoubtedly have to do with the availability of iron as suggested by Pappenheimer and Hendee (25) . The observed increase in the specific activity of neuraminidase is difficult to explain.
Purification of diphtherial neuraminidase. The purification of diphtherial neuraminidase in the absence of contaminating toxin was facilitated by the finding that neuraminidase was produced by -Activity in culture medium (units/ml) plus activity in disrupted cell suspension (units/ml). a toxinogenic strain of C. diphtheriae (Pdi) growing in a medium in which the iron concentration was high enough to suppress the formation of amounts of toxin measurable by the standard flocculation tests.
Purification of both extracellular enzyme from culture supernatant fluid and enzyme from the "soluble intracellular fraction" of sonically treated cells was carried out, beginning in each case with cultures of Pdi in high-iron medium which were incubated well up to the beginning of the stationary phase. The procedures are outlined in Fig. 6 .
The methods of handling culture supernatant fractions and the "soluble intracellular fraction" were different only in preliminary steps. The supernatant fluid of cultures after centrifugation at 9,000 X g for 20 min was concentrated with ZnCl2 (as described in Materials and Methods), and this concentrated material, after dialysis for 48 hr against several changes of 0.01 M phosphate buffer (pH 6.5), was designated fraction I. The "soluble intracellular fraction," the preparation of which is also described in Materials and Methods, was treated with (NH4)2 SO, at 30% saturation and the precipitate was discarded. The remaining material was designated fraction I. Subsequent steps in the purification procedure were the same for either of these preparations.
Fractions I from either source was treated with (NH4)2S04 at 80% saturation and allowed to stand overnight. The Fig. 7a and 7b . Fractions with neuraminidase activity were combined and precipitated with 80% saturation with (NH4)2S04.
The precipitate was dissolved in a small amount of 0.001 M phosphate buffer (pH 6.5) and dialyzed against the same buffer. The resultant solution was designated fraction III.
Fraction III was chromatographed on a column of CM-cellulose. The behavior of fraction III derived from culture supernatant fluid differed somewhat from the behavior of the same fraction from the "soluble intracellular" material. The behavior of fraction III from supematant fluid (extracellular enzyme) is shown in Fig. 8 . Activity was found in two peaks. These early fractions were collected, reprecipitated with (NH4)2 SO4 (80% saturation), dialyzed again against several changes of 0.001 M phosphate buffer, and again chromatographed. Activity associated with break-through fractions had almost disappeared; otherwise, the profile resembled Fig. 8 . The chromatographic behavior of fraction III from "soluble intracellular" materials is shown in Fig. 9 . Activity in early fractions is minimal. Active fractions recovered from the CM-cellulose column were combined and designated fraction IV. Table 4 summarizes the activity of an enzyme preparation at successive steps during the purification procedure from culture supernatant fluid. The specific activity of the final preparation was 7.6 times that of the concentrated supernatant fluid and the yield was reasonably good.
Rechromatography of combined chromatographed fractions IV from both extra-and intracellular starting material: the "purified enzyme." After initial chromatography of fraction III from culture supernatant fluid and fraction III from "soluble intracellular" material, the active fractions (IV) recovered from both were combined and rechromatographed (Fig. 10) . Enzyme activity was eluted from the column as a single peak, and recovery of enzyme activity was 88%. This preparation is referred to as "purified enzyme" and was employed in all subsequent experiments.
Characterization of purified diphtherial neuraminidase: immunodiffusion. Ouchterlony plates were prepared with three wells. A solution of crystalline toxin (free of neuraminidase), rabbit antitoxin prepared with toxoid derived from crystalline toxin, and either purified extracellular or purified intracellular soluble neuraminidase were placed in separate wells. Characteristic immunodiffusion patterns after 2 days of incubation at 34 C are shown in Fig. 11 .
Ultraviolet absorption spectrum. The absorption spectrum of purified neuraminidase is shown in Fig. 12 . Maximal absorption is observed at 280 m,u, and there is no peak in the neighborhood of 260 mu.
Buffer composition and pH optimum. The pH rate profile of neuraminidase is shown in Fig. 13 Fig. 14 .
Behavior of crystalline toxin and purified neuraminidase and of culture supernatant fluids containing both enzyme and toxin, under various conditions. Since our experiments indicated that toxin and neuraminidase were distinct in a number of properties, it seemed likely that the difficulty of separating the two proteins and the persistence of enzyme in several times crystallized toxin could be related to physical similarity between them.
Artificial mixtures of purified neuraminidase and crystalline toxin were subjected to gel filtration. The results of gel filtration are shown in Fig. 15 . Protein, toxin, and enzyme appear in a single peak. Both protein and toxin were recovered quantitatively, but a considerable amount of enzyme activity was lost in the procedure, which could not be restored by the addition of Ca++ to fractions tested. A similar preparation run through a column equilibrated with the same buffer but containing 0.4 M NaCl to minimize protein aggregation, as suggested by Ada (1), gave a similar result. This loss of enzyme activity was investigated to the extent of testing samples of purified enzyme recovered from columns of Sephadex of varying porosity. In every case, the protein applied to the column was recovered quantitatively, but enzyme activity was reduced 40 to 45% by passage through Sephadex G-200 and G-100, 53% in G-75, and 73% in G-50. Furthermore, it was noted that the active enzyme recovered from the columns had become unstable, and even when stored at -20 C it had lost completely its residual activity after 2 weeks. Purified enzyme which had not been subjected to gel filtration was stable under similar storage conditions.
Purified enzyme and crystalline toxin were layered separately on sucrose density gradients, and their sedimentation patterns were determined (Fig. 16) .
As reported by Warren and Spearing (37), Sephadex fractionation of crude diphtherial toxin containing neuraminidase resulted in only partial separation of the two proteins: some fractions with toxic activity were free from enzyme activity. Fraction II of a culture supernatant fluid from a low-iron culture of Pdi containing both toxin and enzyme activity was subjected to starch block electrophoresis, the results of which appear in Fig. 17 . It can be seen that the degree of separation of toxin and enzyme is scarcely better than with gel filtration, but it is clear that the electrophoretic behavior of the two proteins is different. 
DIscussIoN
A survey of strains of C. diphtheriae, consisting of (i) lysogenic, toxinogenic, (ii) lysogenic, nontoxinogenic, and (iii) nonlysogenic, nontoxinogenic varieties, showed that the capacity to produce neuraminidase was common among them. Of eight strains examined, in only a single lysogenic, nontoxinogenic one (C8j (45)tox-) was neuraminidase activity not detected. It seemed clear that the property of neuraminidase synthesis was unrelated either to the lysogenic or the tox character of the strains in which it was found.
Other differences between enzyme and toxin became apparent. Under conditions that lead to toxin production by toxinogenic strains, high levels of this diphtherial protein are found in the medium, but the bulk of neuraminidase activity remains intracellular and can be demonstrated only on disruption of the cell (Table 2) .
On disruption of C. diphtheriae cells, about onethird of the enzyme activity is found in the soluble fraction; the remainder sediments with the particulate fraction. On sucrose density gradient centrifugation of this latter material, all of the neuraminidase activity sediments along with succinic dehydrogenase activity, i.e., with the membrane fraction (Fig. 4) (10) .
Neuraminidase production is enhanced in a medium whose iron content is high enough to inhibit the production of toxin. In media without iron or containing added iron in minimal amounts, optimal toxin production occurs; in cells under these conditions, neuraminidase levels are lower than in high-iron medium, but are easily detectable (see Table 3 Recoveries ofprotein, toxin, and enzyme activity were 96.6, 96.5, and 43.6%, respectively. time gives a straight line (Fig. 14) . This is in contrast with the nonlinearity seen with crude concentrated culture supernantant fluid (Fig. 1) . The activity in crude preparations which is responsible for the shape of the curve in Fig. 1 has not been identified; Warren and Spearing (37) reported that they were unable to find N-acetylneuraminic acid aldolase in crude diphtherial toxin preparations.
The pH optimum for purified enzyme with urinary mucoprotein as substrate was 6.1 to 6.2 in four different buffers (Fig. 13) including acetate. This value is higher than the 5.5 reported for acetate buffer by Warren and Spearing (37) with human plasma protein as substrate, but is the same as that found by Jamieson (16) . The particular substrate employed may alter the pH optimum; at least it is reported to do so in the case of the neuraminidase of V. cholerae. According to Mohr and Schramm (23) the optimal pH for crystalline Vibrio enzyme with erythrocyte stromata or bovine submaxillary gland mucin was 4.5 to 5.0. Ada et al. (2) reported that with their crystalline Vibrio enzyme and NANA lactose as substrate the pH optimum was 4.9. Since both acetate and phosphate buffers have a weak buffering effect around pH 6.0, pH levels of 5.5 to 5.8 in acetate buffer and 6.5 in phosphate buffer are recommended for enzyme assay.
There are also differences in requirements for divalent cations among the neuraminidases. That of V. cholerae requires Ca++ and is inhibited in the presence of EDTA; this inhibition is overcome by the addition of Ca++, Mn++, Co++, and to a lesser extent by Mg++ (2, 23, 31) . The purified enzymes of C. perfringens (9) and of D. pneumoniae (15) , however, are not inhibited by EDTA nor do they requite Ca++.
There are conflicting reports concerning cation requirements and the effect of EDTA on the activity of the neuraminidase of C. diphtheriae. Warren and Spearing (37) reported that EDTA did not inhibit the activity of their enzyme preparation and that Ca++, Mg++, and Mn++, in concentrations up to 10-M, had no stimulatory effect. The activity of the diphtherial neuraminidase preparation of Jamieson (16) was inhibited by chelating agents such as EDTA and citric acid and recovered by addition of Ca++. Boschman and Jacob (18) described the inhibitory effect of EDTA and the restoration of activity in the presence of Ca++ with neuraminidase in diphtherial toxoid.
Maximal activity of our purified enzyme preparation was seen in reaction mixtures to which Ca++ had been added; EDTA had an inhibitory effect on the enzyme, and Ca++ restored the activity of EDTA-inhibited enzyme while other divalent metal ions tested were ineffective (Table  5 ). It is interesting that there seems to be an optimal concentration of Ca++ for maximal activation of the diphtherial enzyme, as is the case for the neuraminidase of V. cholerae (2) . Some of the reported differences in the conditions for maximal activity of neuraminidases from various bacterial species undoubtedly reflect differences in the enzymes themselves. Commercial diphtherial antitoxin contains antibody against diphtherial neuraminidase (14) . Warren and Spearing (37) showed this antibody to be equally effective in inhibiting the activity of diphtherial neuraminidase and neuraminidases of several Clostridium species. The activity of the enzyme from V. cholerae was, on the other hand, unaffected by the corynebacterial antineuramimdase.
The evidence from immunodiffusion ( Fig. 11 ) that our neuraminidase is free from toxin is also evidence that the preparation of crystalline toxin used in some of our experiments, and shown to be free from neuraminidase activity, is also free from serologically reactive enzyme. Since the antitoxin employed in this test was prepared with toxoid derived from crystalline toxin, the lack of precipitation between antitoxin and purified neuramidase is testimony to the lack of contamination of either enzyme or toxin with the other, at least in amounts detectable by immunodiffusion.
Since the available evidence indicated that diphtherial toxin and neuraminidase were distinct entities, the difficulty of separating them when they occur together as in crude diphtherial toxin remained to be explained. When artificial mixtures of crystalline toxin and purified enzyme were subjected to gel filtration, it was not possible to separate the two proteins (see also 16) . The sedimentation behavior of the two suggests that their molecular weight is similar. Various estimates of the molecular weight of diphtherial neuraminidase have been made; Warren and Spearing (37) suggested a molecular weight of about 50,000, whereas Jamieson (16) proposed a figure of 100,000. Recent investigations in Raynaud's laboratory (28, 29) of the molecular weight of diphtheria toxin have given an estimate of 64,500. On the basis of the similar physical behavior of toxin and neuraminidase, we suggest that the molecular weight of the diphtherial enzyme must be very close to this figure proposed for diphtherial toxin.
It is curious that, when mixtures of crystalline toxin and purified neuraminidase are applied to a Sephadex column, the two proteins are recovered quantitatively, but a considerable amount of enzyme activity is lost. Ca++ is without effect upon the lost activity. A suggestion made by Whitaker (39) elution from dextran columns of the glycoside hydrolases, lysozyme and a-amylase, may apply here. It is possible that a weak complex is formed between the active center of enzyme molecules and fine particles of dextran, even though elution appears not to be affected. Neuraminidase elutes with toxin as would be expected of two proteins with approximately equal molecular weights.
The production of neuraminidase is a common property among the strains of C. diphtheriae examined; only a single strain (C8i(p)tOx-) lacked detectable enzyme activity. It may prove to be of interest that this strain is aberrant in other respects, particularly in the fragility of its cells, which lyse when attempts are made to grow them under conditions of maximal aeration (shaking), although there is at present no obvious correlation between these two observations. Natural substrates for the enzyme occur in sites in which the diphtheria bacillus is found in man; in preliminary experiments, we were unable to find evidence of substrate in various fractions of the diphtherial cell. The observed increase in the specific activity of the enzyme during growth of C. diphtheriae (Pdi) in culture is difficult to explain. Some of the apparent increase may be the result of the loss, in aging cells, of intracellular proteins less firmly bound than neuraminidase, but this explanation does not seem likely to account wholly for our findings. This aspect of the behavior of diphtherial neuraminidase and its physiological function remains to be clarified.
